NATIONAL ZOOLOGICAL PARK

Dr. George J. Jaccbs
Chief, Earth Resources Survey Program
NASA Headguarters, Room 254
Washington, D. C. 205L6

Dear George:

Tracking Feasibility Studies" (NASA Grant NGR 09-015- 163 to the
Smithsonian Institution) which terminated on 31 December 1974,
Previous reports by myself, Howard A. Baldwin, James C. Maxwell, and
John J. Craighead have maintained information up-to-date.

During the past two and a half years, the project concentrated on’ aerlal
and ground testing.of radio tradsmitters for tracking elephants in

Tsavo National Park, Kenya, to develop systems for satellite tracking.

A proposal was submitted for the Nimbus F experiment; NASA first
authorized the experiment as part of the Nunbus F program and later .-
w1th?rew approval {letter from David I. Winter to me dated 5- August

197k

A preliminary report of the results of radiobracking elephants was
published by Walter Leuthold and John B. Sale in the EastiAfrican

- Wildiife Journal in 1973 (copy of artlcle enclosed). Additional
transmitters and receivers (some also purchased by the World Wildlife
Fund through a grant to the Smithsonian Institution) were provided for
further elaboration of the study of movements by elephants throughout
the year in relation to rainfall and food supply. Technigues were
perfected for capturing and fitting radio collars to elephants
(ineluding matrlarchs) the transmitter and antenna design was greatly
improved, and vertical orientation of the antenna was maintained by
placing the transmitter at the base of the collar and deploying the
antenna between layers of the machine-belting of the collar.

The studies are continuing and publication of the results will be
forwarded to NASA. It is hoped that the background of aerial and
ground tracking will provide the basis at some point ih time for
satellite tracking of elephants in various parts of Africa.

(NASA CR-1#1134) SATELLITE ANIMAL TRACK
. . ING
(FEASIBILITY STUDIES Final Report, 31 Dec.

1974 {Smithscpian Instltutlon) 16 p HC

;$3 23 : ) _ CSCL 06C Unciﬁse_

T . 63/51 06934 -
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T continue to be interestéd in satellite tracking of free-living
animals, and I would appreciate being kept informed of rew develop-
ments and new opportunities for research in this area at NASA,

If. I can be helpful as a consultant on metters concerning satellite
tracking of wildlife, please feel free to call on me.

- Sincerely yours,

Ml

Helmut K. Buechner
Senlor Eeologist

_ HKB b
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Movements and patterns of habitat ut:luatlon of clcphanis in
Tsavo National Park, Kenya

WALTER LEUTHOLD Tsavo Rescarch Project, Keuyu National Parks and

JOHN B. SALE Department of Zoology, University of Naivobi

Smithsonian Institution
Grant NGR 09-015-163

Summary :
Following the 1970-71 drought, which resufted in hewvy elephast wortidity, a long-
term study was initisted in Fsavo National Park to determine movements and home
“ranges of individual clephants and their relations 1o overalt distribution patierns and
environmentil fuctors such as rainludl. The preliminary results presvated show the
post-drought situation but it is recognized that they may not represent nornality.
Methods used were radio-tracking and ohservations of visually identitiable individuals,
Two acrial counts provided data on overull distribution.

Two bulls and two cows were rudio-lagged in Tsavo West and two butls and four
cows i Tsavo East, providing home ringe and movement data. Home ruanges in
" Tsavo West (mcan 350 kmi®) were cousiderably simaller than in Tsavo Last (mean -
1580 km3). ' .

The diflerences buwun Tsuve West and Tsavo East are probably related 1o
habitut quality, Tsavo East receiving less rainfall than Tsuvo West This view iy
supported by the fuct that the 197074 wiortality was largely conlined to Tsavo Lust.

The movements of individuls were uselul in interpreting redutively major shilts in
elephant distribution that oceurred within a 4-month period. :

The fottowing preliminary conclusions emerge from the results obtuined so far:

(1) Elephants in the Tsavo area, particularly Tsuvo Busl, were more mobile during
the study period than was assumed from earlier studies, undertaking long-distance
movements in fuirty divect vesponse o localbized raintall,

(2) A subdivision of the averall population into focally distinet units may exist
during the dry scason but did not obtain alter signiticant rasntall, when the elephants
ranged over wide ureus ;md came into vontuct with animals from other dry-scuson
units.

(3) Circumstantul evidence sugpasis that food is the primary proatmal factor
governing movements and distribution of elephants in the area. Food avaik thility,
in tuen, is determined kiegely by the spatial and temporal pattern of rainfall,

Correspondence: D W Leuthold  Travo Rescurvch Project, PO, lox 14, YOI, Kenya,
Dr 1. 8. Sale—Department of Zoulogy, thaversity ul Nanrobi, PAL Hox YT NALROME, Kenya.
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hraduction
o Tsavo Nabional Park, elephants (Lovedmrg africana (3 umenbach)y concentrate

neir pornnent waler supplics i the dryseason, uilizing other arcas primarily during
and after periods o rainfafl, when the vegetition is green and surfice waler is widely
available. Little is known, however, o the details of the clephant movements involved
or the fuctors governing them. Information on these aspects of clephant biology i
needed. hoth in (he context of o study on food habits being undertaken by one of us
(LS }and Tram the point of view of park management.

The specticular eleplrnt morGity in the pick during the 197071 drought (Corlield,
1973) highfighted these questions specilically, against the hackground of the long-
stnding “Tsava Llephant Problem™ (Gilover, 19630 Bax & Sheldrick, 1963; Laws.
19697 Glover, 19720 Sheldrick, 1972y, Circumsiances surrounding the mortality
supgested that profonged drought conditions icad to severe depletion ol Tood resources
in the dry-scason concentrafion arcas, causing the deaths of many elephants of certain
Csex and age categorics. It was observed. however, that clephanis died of starvation m

soime locahities, whilst the vegetation appeared to be in considerahly helter condition
anly 10 20 km away in arcas not occupicd by clephants (Sheldrick, Corlield, personal
communication). Howas puzzhing that the clephants did not move 1o ather arcas
apparenty ollfering a belter food supply, These observations miy suggest a sirong
aftachment of clephants to certain localitics, inhibiting them rom moving elsewhere.
an inlerpretation more or less in fine with the hypothests advanced several years
cearlier that the Tsavo elephant population was subdivided into aboul ten ‘unil’
populations” occupying diserete ranges and undertaking only liniled seasonal move-
- ments (Laws, 1969). Alternatively. it is possible that the immohility was imposed by
weakness due to the cumulative cifects of poor nutrition and thus represents an eflect
ol the drought itselll rather than a normal phenomenon,

Against this background, the present study was initinted 1o investigale relevant
aspects of the social and spatial organization of the Tsavo clephants. The immediate
objeclive was Lo determine home ranges and movements of individual clephants :H‘ld
their relationship to overall distribution patierns within the Tsavo population during
the post-drought period. The wltimate aim is to relite these and Eiter results 10
environmental conditions. in particular the rainfall regime. and cventually to obtain
a clearer picture of fong-term habital wtilization by clephants and of the factors
influencing i, ' ,

This preliminary report covers (he period from December 197F to March 1973
the study is continuing. '

Study area ‘ _ o
Tsavo National Park (. 20 000 kin®) is situated about halfway betwveen Nairobi and
Mombasa in south-castern Kenyi. in a semi-arid zone of ‘nvika® vepetation (mainly
Acacia-Commiphora woodland). The Park is divided into two administrative units of
unegqual size: Tsavo West (TsW, arca ¢ 7000 km?). to the south and west of the
“Nairobi-Mombasi road and roilway lTine (Fig. 1) and Tsavo Fast {TsT. area
13 000 km?) to the norih and cast of the railway. . . ’

The Tsavo climate is characterized by alternating dry and -ra'in)-" seasons: a long
dry seasan from Tune to Octoher, *short” rains in November Pecember. o short 7y
season from January 1o March and *long” rains in April/May. However. this pattern
is quite variable and oficn modificd by ‘out-of-scason” riins or dry spells,
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Fig. 1. Map of study area. The manthly vaintall tutals for Junuary to December 1972 are indicated
for sctected tocalities mentioned in the tead, Colunans marked with T show wusua) rainfall {very
high or out of scason). Figures in parentheses  rotad rainfall {in ) for 1972, Sobid line  Tsavo
National Park boundary. Broken line voud and railway line.
Rainfall (Fig. 1y in TsW is generally lngher and usually less erratic in spatial and
tempaoral discribution than in Ts. On a regional scale, this is evident from the rainiall
probability map. where o ‘drought-prone’ zone tannual rainfull less than 250 mm at
* least anve every 10 years) envelops most of TsE, while TsW licy outside it (see Fig. b
in Carfield, 1973), This is, at lewst partly, a consequence vl the higher altitude wnd more
broken topography in the regton of TsW_including the Chyulu Hills and the Ngufia
Range which reach 1800 m s L st on the olher hand 1s mostly at (300500 m s,
except for the low Yatta Plutean and o few isolaied granitic hills, ess likely to trap’
occusional ratnstorms than the more massive ranges adand near TsW, The Chyulu

Hills wre additionally important by providing a virtually continuous waler supply
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1o springs alonn the periphery of cevernl recent fava flows (o Mzima Springs).
The lava Nows themselves. particularly the older anes, support larpely evergrect
wondhinds of 4 lype nol pceurring clsewhere in the Park. ‘These apparently pravide
an important drv-scason food supply Far elephands, as can be inferred from scasonal
concentrations of elephants in them.

Compared with TsW, in Tsk. apart [rom rainfall being fower and more erratic,
peographically restricted in the

cdaphic conditions arc mare anitorm, waldr is more
arcias. particularly

dry season, amd the vegetation is more severely degraded in many
“along rivers where clephants tend to coneentrite during the dry scuson {e.g. Galana,

Tiva, Voi Rivers and Aruba Dar, g, B

Thus, environmental conditions can he characterized as being penerally harsher
and undergoing more extreme Nuctuations (high probability af severe drought every
10 years) in Tsl than in TsW. : s

Adjoining the eastern boundary of Tsl s the Galana Ranch (Fig. ). an area of
fairly open Acacia savanna. merging into evergreen coastal bush on the castern side.
A scheme of mixed Jand-use i in operation there. under which wild animals are
conserved for limited commereial exploitation, Clephants have unrestricted access
to most of the arca and freely cross the boundary hetween 1he Park and the ranch.
For this rcason. the western parl ol the latter was included in the study aren. The
rainfall regime 1s simifar to that in TsE (Fig. 1}

Enviconmental conditions during the period of study ,

- As one of the aims of this study is (o determine the influenee of rainfall on movements
and distribution of elephants. a hrief account of the rainfall pattern in 1972 follows
{see Fig. B ,

Afler the 197071 drought, large partions ol the Park. mainly in TsE, were almaost
completely denuded of vegetation. Rainfallin December 1971 produced green vegetd-
tion over wide arcas und an immediate end to clephant mortality, Howcever. total
rainfall was less than in carlier years and did not enmable the vepetution Lo recover fuily
from the drought. During the first 5 months of 1972, a fair amount of rain fell in

~various places. but it was very irregufarly distributed. so that, just after the ‘rainy
season’ in May/Junc, only 50 707 af the Park was green. No rain was in fact recorded
Ui June. and only little in July and Augusl. By early August, the Park was very dry
throughout and more clephant mortality was anticipated. However. further large-
scale mortality was averted by substantial out-of-scason rainfull in carly September.
Most ol this rain feli in the castern and south-eastern parts of TsE and on the adjucent
Galana Ranch {see Buchuma. Sata and Lali in Fig. 1) In those arcas the vegetation
turned lush and green, while most of the remaining arens recgived less rain and pro-
duced a moaderate green flush at best. October brought only little additionat rain and
the vegetation started drying out again. Morc rain came in November, with
exceplionally heavy falls in the northern arcas of TsE (Ithumba 333 mm in Movember)
and TsW (Fig. 1), Rain was also widespread in December so that, by the end of the
year, very fow arecas were stith dry (e.z. around Sobo, Fig. 1).

Methods h
Methads of study were three-lold: tracking ol radio-tapged individuals from an
aireraft. visual identification of knrown clephanis on the ground. and plotting of
population distribution by acrial counls aver the entire study area.
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(i) R(M/ff;-ﬁ'u(‘kflﬂll;

Capturing and tracking methods will be treated in moee detail in a fater paper; they
can be sumniarized as follows: Radio transmitters and receivers wsed were ol the
types commercially available from AVM lustrument Co., Champaign, 111, U.S.A.
(W. W. Cochran), cach transmitter having its own lrequency, Transmitters and
batterics were embedded in dental acrylic and attached 1o a collar oade of machinge
belting. Efephunts were immuohilized with M99 (ctorphine hydrochloride, Reckitt &
Sons  Ltd), administered  with stunduard  *Capchwr’ cquipment  (Palmer Co.,
Douglasville, Ga., U.S.AL)L Tracking was dooe from o Piper Super Cub aireralt,
using an AVM receiver with a single Yagt antenna mounted on o wing strut, poeinting
farward. ‘ _

Radio colliars were successtully placed on two bulls and two cows in TsW between
22 December 1971 and 3 May 1972, in TsE, two bulls and four cows were radio-
wnstrumented between 14 June and 'S July 1972, Tracking and location of cach individual
wits attempted at least once o week, On almost all occastons, the instrumented
clephant was visually identified, by the coblar, onve its Tocation had been established
through radio contact. This permitted concarrent recording ol size and composition
of the group in which it occurred. In a few cases, damage to or mallfunction of the
transmitters .md/m their aerials resulted in temporary or total foss of ridio contuct.
This caused @ number of gaps in what was inlended to be a continuous record of cach
individual’s movements, but sullicient infurmation has been obtained 1o warrant

publication of this initiat report,

(b} Grownd vbservations

ElephunlS showing frregularities of tusks, culs or scars on the ears or other paris of
the body were photogruphed amd their pictures were modnted on punched cards
taken into the lield for quick reference. About [} individuals were identified in this
manner. Date, time, focation, group size and composition were noted cuch time a
known mdividual was sighted. Due to the size of the park and the rough terrain,
proutd observations were restricled (o the arca south of the Tsavo and Galana
Rivers in sl (Fig. 1), an area of about 4000 km= Initid searching was dane from a
vehicle travelling on park roads. This, plus the number of elephants present in the
arca (GU00-7000), rendered the rate of repeat sightings of known elephunts low,
Nevertheless, some vituable duta were eventually obtained by this method, comple-
meming those gathered through radio-tracking.

) Aerial counes .
Total acriad counts were carried out in ﬂ\c entire Park and some .ui].lu,m areas in
September 1972 and January 1973, I these total counts, the area was covered vistalty
as tharoughly as possible, with four aireralt participating, and numbers of elephants
were recorded diveetly on to 12 230000 maps. Figures 4 and 5 prtsuu a summary
u! the distribution oblained by these acrinl counts.

Results

(1} Home rauge )

“Data dn home range sive and movements of individual clephants were obtained (rom
both the radio-tracking and the ground observation ol distingoishable individuals.
-Figure 2 presents data from the radio-tageed animals, showing (he period over which
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More range size (km’ } M- male
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r|| o Medana: Hame range size  TsW 350, T<E 1580
’ e o Grentest distance belwesn locgtions TsW 4t ; TsE 79

Fig. 2. Map showing individual home ranges of ten radio-tagged elephants in Tsave. Period of
nbscrvations, number of contacts, size of home range and the greatest distance between (wo locatians
are also indicated for cach animal, * including one obscrvation (shown) autside the home range:
+ - tracking record discontinuous. one or several gaps: 1 net including movement immediately
after capture whicl is considered abnormal (see {oxt).

they were obtained, the total number of radio conlacts, maximum lincar distance
hetween cantact locations and area of home range. The latter was calculated by joining
the peripheral contuct points on the map with straipht lines and measuring the arci
thus described. ‘

The four animals tracked in 'IsW inhabited fairly compact home ranges (mean=
350 km?) extending over littdé more than 40 km in one dircction, except for a single
recorded trip by cach bull to well outside his ‘normal’ home range. Since these single
contacts were greatly isolated from the main area of these bulls™ activities they have
been arbitrarily and tentatively excluded from home-range caicutations. It is, however.
possible that fonger term dafa will reveal bulls to have larger home ranges than COWs.



s

i Habitsr wiilization of elephaney 375
L

The moverment of N3 is particulacly remarkable, as itis generally assumed that there
i little or 1o exchange between e elephant populations ol te northern and southern
parrts of TsW (k. C, Guoss, personal conmnmunication ;- Laws, 1969; Parker & Archer,
1970). Unfurunately, we were pnable to obtain more detailed informuation on this
animal at the eritical thme. ‘

The six clephants monitored in s had very much larger home runges (mean: .
1580 km?) and moved over substantially preater distances, producing i mean lor the
area of 79 km, admost twice that for TsW,

Considering Tsavo as o whole, there is o marked gradient of home range size and
distance moved. both ol which decrease [ron east to west,

The results to date of the ground observativns in the southern sector of Tsi form
o usebul comparison with the radio-tricking data and provide some means of checking
that the radio-tagged animals are behaving normally. 1t has to be borne i mind,
however, that numbers of re-locations e low compared with the radio-tigged
animals and that any movements out of the area will not be detected. Results may
therefore be taken to represent minimal rather than maximal movements, Between
February 1972 and March 1973, FOO elephants (forty-ene bulls, lifty-nine cows) were

Cindividually identified and catalogued. OF these, twenty-one bulls (51%) were re-
sighted at least once, the highest number of records per individual being seven, while
thirly-live cows (59°,) were re-observed up to six times. Movements recorded so far
are summarized i Table 1. The largest distance between sightings of (the same in-
dividual was 67 kin tor an adull bull and 55 km for a cow, A substantial proportion
of the dnimals re-sighted (277,) moved over more than 30 km within a yeuar or less.

Table 1. Summary of observittions on visuaily identiticd elephants

Distance between extreme sightings (kim)

. Total
Sus 0 20 40 40 60 6l Number
Male 10 7 2 2 21
Femile 18 13 ] 4 . 15

It is conceivable that capture and radio-instrumentation could disturb clephants
sufliciently to upset their normal reaction to environmental stimuli and thus thew
patterns of movement. However, the results obtained by radio-tracking on one hand,
and ground observations an the other, suggest that this is probubly not the case,
For example the maximum distances for movement by a bull (67 kmb.and a cow
(35 km) obtained by pround re-sighting compare well with radio-tugped M-12 (67 km)
and F-12 (39 km) (Fig. 2) in the same part of TsE. Similarly the direction and distance
ol movement of 430 between Seprember 1972 and January 1973 is in good accord
with F«12 and M-12 (Fig. 0).

I one instiance (F-11) there was direet evidenve of initial disonentation after lixing
of the radio voliar which resubted in the ammal’s losing contact with its Bunily group,
All of the other five cows rejoined their oviginad group within a lfew days after capture,
as Far as this could be wseertained throngh deriid observation (from size aml compo-
sition: ot group). Thus, the observations on the radio-tracked elephants probably
refleet spontancous movemeitts in response o environmental fuctors and can be
considered s representitive ol conditions prevadling during the study period.
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(2) The pattern of individual movenrents

Movement patterns, patticularly in TsE tended o he somewhat spasmodic, an
individual remaining within a given area for some time. then suddenly moving over
a considerable distance, staying again for a while. and so on (c.g. M-11 and F-13,
Fig. 3). This produced very irvegular patterns ol abitat atilization, with large arcas
heing utilized littde or not at all by (he individuals concerned. For instance, there s 2
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Fip. 3. Patierns of movement within their hame ranges of a cow (7213 and a boll {M-11) radio-
tracked in Tsavo Fast, Possible *dry sciason rnge’ of F-13 is shaded: seasonally oceupicd arcas aré
baunded by feint dotted lines.-Dates and numbers of centacis {in parentheses) are given for cach
temporary ringe. Arrows< indicate nujor movements, C - site of initial capture,
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“zone of 30 km diameter with no records of M-11 between the two areas in which he
wits generally found, This may be due 1o chance to somie extent but, in several cases,
these patierns can be related to rainfall wnd the state of the vepetation, as s shown by
the Tollowing example. I

Cow F-13 spent most of the dry season (carly July 1o mid-September 1972) in what
appears 1o be her “dry-season rimge’ near the Gakana River and the eastern e ol Uwe
Yatia Plateiu (Fig. 3) Atter the rainludt i carly September, she suddenly moved sume
25 km 1o the north-cast, wwards the Pk boundary. Alter the vegelation there had

“dried up, she re-uppared in her former range (four records between 19 October and
3 November). On {1 November she was located well above the Tiva River, some
80 km.north of the previous locality, following the heavy rainfull in that arca (¢f.
Hhumbi, Fig. 1), She remained near the Tivae River until 2 Febroury 19730 From 9 1o
24 February she was recorded about balfway between the Tiva and Galana Rivers
and presumed (o be on the way back o the dry-season range, However, on b Murch
she appeared outstde the Park on the Gulana Rancliin an area where i local rainstorm
had produced a green Hush of vegetation, some 30 kim NNE ol the previous locality.
Finally, on 7 March she was back within the arca in which she had spent niost of the
preceding dry season, and was recorded there two more tines untit 16 March,

Similar movement patterss were obtained Tor three other radio-instrumented
individuats, offering Turther support Tor o relationship to vaindall. =11 and M-11
deviated somewhit from the picture just outlined in that there was no clearcut
relationship between their movenents und ruinlutl” Howbver, these two aninals
oceupy the westernmost part of sl where rainfull s gcnérully higher and less erratic
than in the eastern parts, with conditions almost approwching those in northern TsW,
F-11 shows by fur the smallest home runge o all six amimals in Tl (Fig, 2).

In the cases of three cows in TslZ (=12, 1F-13, 1F-14) observations on proup size
and composition indicated that, even during Large-scale movements, they remained
within their Camily groups. Thus the long-term integrity of cow-call elephant groups,
as opposed to the loose and temporary grouping ol bufls, s confirmed (Buss, 1961
Douglas-Hamilton, 1973; Laws, 1969). P11 lost contact with her ongmal group
“immediately after capture tsee above) but fater remained with a group she then joined
near the Tsuvo/Athi River juncion.

(3) Chauges i overadl distribntion of elephants .
Results of the aerial counts conducted in 147273 are summarized in Tuble 2. We are

not concerned with actwil numbers in the present context; the good agreement in

Fable 2. Resolls of elephaat counts in Fsavo National Pk and vicinity in (972 73

Areil Seplenther (972 count Loy 19723 coung
Tsavo Wes . 4319 294
Tsavo East, south of TsavosGialina Rivers ’ K 3955
Tsavo East, north of Tsavo, Gabaia Rivers 6020 Yyuls
Total Tsavo Park 17572 221714
Galana Ranch (western part) ' 1835 . 5207
Other arvis adjoining Park T PR e Lo
Total vverall (e 23200 S e ) 2300

* 10y, sample count.
T mustly recee Nights only,
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- . \
Fip. 4. Distribution of clephants in the study area in Scptember (972, Broken line shows areas couniet
autside the Nationn! Park boundary {salid line). Ints dor npt indicote herd sizes hut simply tota!
numbers in cach arca, derived from eriginal count maps,



Habitat utifization of elephanes 379

overadl figures sugpests tha shmilar deprees of relative accuracy were attained in the
two lota) counts (Seplumber EY72 and Jonuary 1973) The resubts indiate that
substantial shifts ol large numbers ol clephants ok plice hetween 1he Lwo counts,
not only within the Park but atso hetween the Purk and adjoining arcis. This is
ilusteated by the actual distribution patterns recorded in the two counts (Figs. 4 ind
5). The following differences stand out: :

() Well over 300 clephiants were concentrated in the south-cuslern corner of Tsk
in Septermber: all but a couple of iwndred had moved nway by Junwary. This area
received the lirst and some of the heaviest Fitin i iy September (Suli & Buchuma
in Fig. 1) Grass grew quickly and in large qu:mlitics; but by November neost clephants
had moved elsewhere, presumiably mn search of fresher green Tood fee ¢ below),
Neither the vegetation nor the waterholes had actually dried up by mud-January.

o - G Rl

L i

Fig. 5. Distribution of chephants i Jannary 1973 % Represents ot puntber unly tdensed from
0% sumple county, not distributhon patiee, ‘ '

N

.
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(hy A larpe concentration midway between the Galana and Tivi Rivers in TsE in
September had larpely disappeared from (he area by January, when o heavy con-
centration had formed wlong hoth banks ol the Tivi River, 1t seems possible that
much of the September assemblage had moved northwired. following the heavy raim
around Ihumba in November (g Th ‘

¢y Same 4000 clephants were counled on the western portion of the Galana Ranch
in September, whereas a 107 sample count in Janwiry indicated only about SO0
In September. idmost the enlire Arcit Wi precs. fodlosing recent rainlall (el Lal
in Fig. 1) but in January most of the Ranch was dry, with fittle or no standing water.
in the ahsence of any other cvidence. the likeliest assumplion s that the mijority of
the elephants recorded on the Galana Ranch in September had moved mto the northern
part of Tslz {Tiva River arca) by Janmwary. following the heavy rainfall there.

) While only relatively small numbers of elephants occupicd the north-castern
part of TsW in September, a heavy concentration had formed there by January, again
in the wake of recent minfall (¢f. Kamboyo in Fig, 1). One explanation is that cvon-
sideranhle movement of clephants may occur between this urea and the narthern part
of Tski, although fittle evidence ts available 1o confirm his possibility. An alternative
explanation, supported by the home range posilion ol M-T1 {FFigs. 2 and 3). is that
there is movement of elephants between the wouthern scetor of TsE and north-castern
TsW. LElephints are commonly seen along the Nairobi-Mombasa road, which separates
the two parks, and not infrequently cross hoth road and railway line, a fact in accord
with both the above explanations.

() In January 1973, large numbers of elephants were concentrated in the area around
Mudanda Rock in TsE where no unusual aggregition had been recorded in Scptember
1972, This arca had received substantial rainfall Jate in December (97 mm. Fig. 1)
so that prohably the youngest green vegetation anywhere in the Park was available
there in January. Fvidence from radio-tageed animals supgests that much of this
concentration hid moved Mrom the south-castern corner ol the Park {scc u above and
Fig. 6 helow), | .

Discussinn . o
We recopnize that data dertved from little over 1 year's study of o few known
individuals permit only a tentative interpretation of the observed phenomena,

(1) Diflerences hetween Tsil aned Tsl]
Considerahle dilferences in the size of individual home ranges and the extent of
movements were found between TsW and TsE (Fig. 2. In TsW, home ranges were
almost one-filth the size of those in TsE. These differences cin he related to the
environmentil conditions deseribed carlier, TsW providing generally more favourahle
conditions than TsE. This permits some of the elephants there to remain within
relatively small arcas the year round. with only minor seasonal movements. In par-
ticukar, the evergreen woodlands on the lava flows south of the Chyulu Hills apparentiy
provide a suitable and suflicient dry-season food supply. as can be inferred from [he
fact that both radio-instrumented: cows in TsW spent most of their tim= during the
dry season (June-October 1972} in such areas.

By contrast. conditions in Tsl: ure less favourable and subject Lo greater Muctuatians
and irrcgularitics. Dry-scason concentration areas ncar permanent waler supplics
cafinot support the clephant population throughout the year. These circumstances
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apparently loree the cleplants in sl Lo be penerally more mobile and (o cover greater
distances in search of Tood, This interpretation ol the causes undertying the different
habitat utilizition patteens of clephant in TsW and TsEis supporied by the fact that
clephant mortality during the 1970 A1 drought was almost entirely conlined to TSk
{Corlicld, 1973). '

~ Large seasonal diflerenves in clephant density fie the north-castern section of W
{see 3 d above) sugpgest that this areit is ccologically allied to T2, a Tacl supported by
its {opogriphy amd vepetation. '

(2 tudividual movements in velation to overalt distribution

For most of the changes in overall elephani distribution between September 1972
and January 1973 (Figs. 4 and 5), we can only speculate about which concentration
in one count corresponded o which i the other. Huwever, fur some inslanees in
TsE the radio-tracking datag as well as some observations of visually identified
elephants, provide clues as (o how to mterpret the distributional shifts, The relevant
observations are shown in g 6. :

Four of the live animals referred to were located within the large (3000 | ) clephant
concentration m the seuth-castern corner of Tsb {Fig. 4) ai or near the tme of the
September count. All of them had moved considerable distunces (B3 km in the cise
of F-14) 1o the north-west by Januury. F-12, M-12 wnd (=30 were in or near the
Mudand: concentration (Fig. 3) in January, whereas 1= 14 wis on the southern frimge
cof the Tiva River concentrution (Fig. 5). Fo13, which had been just north of the
Galana River in September (Fig. 3) was at the Tiva River in January, having gone
even considerably to the north of it in November, foffowing the heavy rains in that
area. :

Al these observations indicate a general movement of elephants withie TsL ina
north-westerly direction belween September 1972 and Junuary 1973, consistent with
the presence of large concentrations at Mudanda and on the Tiva during the Januwary
count. It appears that the south-cistern concentration of September (Fig. 4) hroke up
luter and that the clephant groups compuosing it moved todillerentireas, some (possibly
those south of the Vai River) towards M aditneda and some (from sarth ol the Voi)
across the Gatana River to the T '

" This is thelirst time that it has been possible o interpret movementsof large numbers
of clephants in Tsavo Nattonal Park by reference to obsceevations of individually
known animuls.

(3) Relariouship of clephans piovements o mi.vtﬁ:ff
A consideration of both the patiern of movements ol individuals within their home
range and overall changes in the distribution of the ckephant population points 1o a
definite relationship between clephant movements and the pattern of foculized raintid]
" in Tsavo. Whether clephants move in divectresponse Lo rain i distant arei or whether
the rapid growth of vegelation after rauin constitutes the cue is not clear from the
present data. Mare detailed studics of the exact timing ol elephint movements m
relation to rainfall are needed, as well as studics of the deiled nature ol the vegetation
changes that Tollow rain, o
The fact that individual elephants of both sexes und groups moved considerable
distances 10 Tresh food sources in this stuedy points to the likeliood o) the luck ol such
movenents i certain cases during the 14979 71 drought beng abnormal and probably
due to an inhibiting ellect of the drought isell” on elephantmovements.
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Fig. 6. Movements of Tour radio-instramented (M 12, 112, -1 F 1) and one visually identificd
{-3M clephant ketween September/October 1972 {*A" positions) and Janusary 1973 OB positions).
Rroken lines indicate the presumed ranges of the it populations postulated by Laws (1969}

(4) Corpuriser with carlicr stidies .

Our radio-tracking data on home ranges and individual movements in TsE (Figs; 2.
3 and 6). and ohserved changes in overall distribution {Figs. 4 dnd 5). are diflicalt 1o
reconcile with Laws' (1969) hypothesis that ‘there are a number of localized untt
populations . . . that make limited seasonal movements” thought e involve ne more

than 20-30 km. All six radio-tnstrumented animals in TslE and one out of four in
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FsW moved across the doundaries of the presumed ranges ol {he “anit populitions’
postulated by Laws (Fig. 60 The same applies (o some ol the visually identificd
apnals in TsE (eog 30000 g, 6).

Laws’ fichd work covered only o yer (196768} and coincided wrlh w period of
high rainlall, Thus, his observations probably represeal atemporarily stable situation
i which tood was pleatitul and elephants had Titde Guuse to move over more than
- 2030 kv D addition, Laws' conclusions were based on targe-scaule acrial SUTVEYS 11

which gross distribution patterns and population composition were recorded withoul
reference 1o movements of knawn individuals or proups, Qur present results show
that both methods need to be combined over prolonged periods to permit o sound
inlerpretition of elephant movements. .

Although not conclusive, our dauta do not [)IUVIL|\, support Tor Laws” concept of
permanent discrete subdivisions of the Tsavo population. However, the fact that
several of the radio-tagged animabs (g 413, Fig. 1) cach returned to o definite
arca during dry periods sugpests the possibifity of spatially lixed *dry-season rungcs’
for individuals or groups, a concept in accord with Laws™ (1969) Text- lig. 1. While
such behaviour may resull o temporary sub-division ol the poputation into drslmu
units, our observations show that animals from several arcas congregate in regions
of green vegetation during the rainy scuson. Hence 113 and F-14 had bath made
their way o the "Fiva River area by January, 1972 from the Galana and Voi River
cureas respectively. Similarly 112 and F-14 which were captured 60 ki apart during
the dry scason, were only [0 km apart near the eastern park boundary alter the early
September rwinfatl, It must be boree i mind that the situations described in this
paper arose in the wake of the 1970 71 drought, under conditions that might be
deseribed s unusual. Laws' observations, on the other hand, nay represent the
opposite extreme, realized under especially Favourabie circumstances, 1t is possibic
that the propeusity tor Jong-distince movements was more proncunced atter the
drought than it would be under “normual” conditions. Foswever, we still do not know
enough about what is “pormal” in Fsavo and what is not. Conditions within the Park
are cather disparate (cf| L'l“LILIILL‘\ between TsW and 1sE discussed above), Tn TsW
the model proposed by Laws may well apply. but tor TsE it appirently needs to he
moditied and made more flexible, to accommadate the substantial Huctuitions in
~enviranmental conditions and the appitrently considerable ability of the elephants to

cope with them,

Conclusions _

The main conclusions enmerging lrom the data and discussion presenied above concern
the mobality of Tsuvo clephants, the question of focalized sub-populations, and the
influcnce of ramtall and food supply on distribution and movements of clephants aid
ultimately on population repulation.

Results of both radio-tracking and ground abservations indicate that the clephants
in at least part of the Tsave area are more mobile than has been assuimed carkicer,
Individuals and, by inference, barge numbers ol eleplinits may move vver considerahle
distances (30 km or more) in response (o focalized rainfall.

An organization of the population into lovalized units may exist in the dry seasan,
brought aboul by individual sdherence to restricted dry -season ranges near permanent
water. o the ramy season it may break down at least partially, especially when raintulbl
is low and irregularly distributed. bn such situations, localized rawinfull may trigger oft
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Fatrly extensive movements leading (o large concentrations inarcas of green vegetation,

On the basis of circumstantial evidence, we assume that the primary factor governing
such movements is the food supply, specificatly the flushes of preen vegetation brought
out hy local rwinstormes, This, in taen, suggests that the foed supply was w crucial
and probably limiting factor for the population concerned (minly i1 TsE) under the
conditions previaling during the study. This view is supported by the lurpe-scale
mortality during the 197071 droupht, the principal caese of which is thought (o have
been malnulrition (Corticld, 1973).
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